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INTRODUCTION

Experiment Station.

The most serious disease of oats
in the eastern half of the United
States is caused by the fungus
Puccinia coronata Cda. var. avenae
Fraser & Led., commonly called
crown rust.® The chief means of
controlling this disease is breeding
and growing resistant varieties.
Resistance does not necessarily pro-
tect a variety from all damage by
crown rust but protects it from at-
tack by some races of the rust.
New races of crown rust, in some
cases more virulent than the old,
arise from time to time, apparently
as a result of mutation and sexual
reproduction. When such races be-
come prevalent, oat varieties that
are in common use because of re-

! Submitted for publication December 6, 1954.
Plant Pathology Department of the Iowa Agricultural Experiment Station.

sistance to old races may prove
susceptible to the new races and
need to be replaced. Different
races of the fungus are identified by
the reactions they produce on speci-
fied varieties of oats. Qat breeders
and cereal pathologists are vitally
concerned with the occurrence,
prevalence, and behavior of races
of crown rust and in the selection of
oat varieties used to differentiate
them.

At present, races of crown rust
are commonly identified on a set of
13 oat varieties that were selected
by Murphy (7, 8)* as standard dif-
ferentials in 1935-36. At that time
most of these 13 varieties were
being used in breeding new resistant
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bulletin is based on information contained in a thesis submitted by the senior author
to the Graduate Faculty of Iowa State College in partial fulfillment of the requirements
for the degree of doctor of philosophy. A copy of the thesis is on file in the Iowa
State College Library.

? The authors wish to acknowledge, with appreciation, that in selecting oat varieties
to be tested as a new set of standard differentials for identifying races of crown rust
they received invaluable cooperation and assistance from B. Peturson, plant pa-
thologist, Laboratory of Plant Pathology, University of Manitoba; H. A. Rodenhiser,
agricultural administrator, Field Crops Research Branch, Agricultural Research
Service, U. S. Department of Agriculture; H. R. Rosen, formerly plant pathologist,
Arkansas Agricultural Experiment Station; and M. B. Moore, plant pathologist,
Minnesota Agricultural Experiment Station.

8 Throughout the remainder of this bulletin, Puccinia coronata Cda. var. avenae
Fraser & Led. is referred to as crown rust.

4 Ttalic numbers in parentheses refer to Literature Cited, p. 22.
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varieties. Since then, new or for-
merly unimportant races of the
pathogen have become so preva-
lent in the United States that most
of the old standard differential
varieties are now susceptible to
prevalent races. This bulletin
deals with investigations made ‘at

Ames, Towa, in which three differ-
ent sets of oat varieties were tested
as crown rust differentials. The
varieties tested included, along with
the standard differential varieties,
certain newer varieties that resist
newly prevalent races of the rust.

REVIEW OF LITERATURE

Hoerner (3), in 1919, was the
first to demonstrate physiologic
specialization of crown rust among
oat varieties. He distinguished 4
races of the rust on the basis of dif-
ferential reactions of 2 varieties of
oats, Iowa 73 (Ruakura Rustproof)
and Iowa 96 (Green Russian). (A
summary of varieties used as differ-
entials by different investigators
appears later, in table 3.) His
form 1 heavily infected both these
varieties. Form 2 was only weakly
parasitic on both. Form 3 slightly
infected Iowa 73 and severely
infected Iowa 96. Form 4 severely
infected Iowa 73 and slightly in-
fected Iowa 96. Hoerner’s data
indicated that more races might
have been distinguished by using
more varieties as differential hosts.

In 1926 Popp (12) reported the
use of 3 oat varieties, Sterilis Selec-
tion, White Russian, and Green
Russian, as differential hosts to dis-
tinguish 4 races of crown rust among
22 1solates studied.

Parson (9) differentiated 5 races
of crown rust in 15 collections by
the reaction of 27 selections, varie-
ties, and species of oats. Only 4 of
these 27—Avena sterilis, Red Rust-
proof, Ruakura, and Green Moun-
tain—proved to be of any practical
use as differential hosts.

In 1930 Murphy (6) conducted a
similar investigation on a larger
scale, using 33 varieties and species
of oats and 45 collections of crown

rust, 32 from Awene and 13 from
Rhamnus. He found 8 varieties
useful as differential hosts and dis-
tinguished 9 physiologic races. His
results are presented in the follow-
ing key:

Belar (C. 1. 2760)5 resistant:

Red Rustproof (C. I. 1079) re-

sistant:
College Algerians (C. I. 2052)
resistant . _...._ ool form 3
College Algerians (C. I. 2052)
ausceptiblec v form 8
Red Rustproof (C. I. 1079)
susceptible:
Cowra (C. 1. 2761) resistant_ form 9
Cowra (C. I. 2761) suscep-
o1 | TECRRRP I I form 7
Belar (C. I. 2760) susceptible:
TIowa No. 69 (C. I. 2463) re-
sistant:
Avena strigosa (C. 1. 1782)
resistant:
Anthony (C. I. 2143) re-
sistant________________ form 4
Anthony (C. 1. 2143) sus-
ceptible-ueioon . 0 110 form 2
Avena strigosa (C. 1. 1782)
susceptible______________ form 1
Iowa No. 69 (C. I. 2463) sus-
ceptible:
Hawkeye (C. I. 2464) re-
Sistantic ol can Jherals form 6
Hawkeye (C. 1. 2464) sus-
ceptiblesce e o ool o) form 5

Murphy (?) continued his inves-
tigations by testing approximately
300 varieties of oats for reaction to
each of 10 cultures of crown rust.
He selected 33 varieties as possible
differentials on the basis of these
tests, inoculated them with 245
cultures, and eventually selected 11
of them as standard differentials for
crown rust races. This set included

8 “C. 1.” refers to accession number of the Cereal Crops Section, Field Crops Re-

search Branch.
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the varieties used by other inves-
tigators as differentials. Murphy
observed 15 races previously dis-
covered and numbered them 1 to
15. In addition he identified 18
races that he could not relate to any
of those previously described and
numbered them 16 to 33.

In 1935 Stakman, Levine, and
coworkers (16) reported the dis-
covery by Murphy of 4 more races,
which were numbered 34 to 37.
During the same year Peturson (11)
reported that by studying the reac-
tions of the differentials established
by Murphy to 544 Canadian collec-
tions of crown rust he had differ-
entiated 11 races of which 9 (1, 2,
3, 4,5,6,9, 10, and 24) had been
described previously. The two new
races were designated as 38 and 39.

A new race identified in Australia
by W. L. Waterhouse was desig-
nated in 1935 ® as number 40. At
about the same time Murphy and
Levine (8) reported the discovery of
a new race, number 41, to which
the variety Victoria, resistant to
all races previously differentiated,
was susceptible. They suggested
the addition of Victoria and Bond
to the standard set of differential
varieties.

Brown (1), working in England,
identified 4 races with the 11
standard differential varieties. One
of these, race 6, had been observed
previously in North America and
Australia. The remaining 3 had
not been described before and were
designated as races 42, 43, and 44.
Race 43 was found in material
obtained from Portugal; races 6, 42,
and 44, in collections made in Great
Britain. In 1938 Moore, Downie,
and Murphy (5) reported the dis-

¢ MurprrY, H. C.

covery of a new race of crown rust
that was able to attack Bond, which
was regarded as a highly resistant
variety at that time. This race
was designated as number 45,
Race 46 was first described by
Murphy.*! The discovery of race
47 was credited by Murphy ¢ to
Waterhouse.

Two German investigators,
Frenzel and Straib, made finer dis-
tinctions in determining races of
crown rust than had been made by
other investigators. Frenzel (2)
isolated 55 cultures from 27 collec-
tions made in Germany in 1928 and
1929 and tested them on these 9
varieties: 1, Ruakura (C. 1. 2025);
2, Uruguay; 3, Red Rustproof
(Appler) (C. I. 1815); 4, Bri; 5,
Briinings Winter; 6, Green Moun-
tain (C. I. 1892); 7, Odenwilder
Strauss; 8, Avena sterilis var. nigra
(C. 1. 840-9); and 9, Mortgage.
He distinguished 33 separate races
in the 55 cultures from the 27 col-
lections. In 1935 and 1936 Straib
(17) tested 147 collections from
different locations in Germany on
15 varieties. Some of these vari-
eties had been used previously by
Frenzel, and others corresponded
to differential varieties used in the
United States. Straib identified
142 races in cultures from the 147
collections. His results were similar
to those of Frenzel in that he dis-
tinguished a new and distinct race
in nearly every collection.

Kingsolver 7 and Kingsolver and
Murphy (4) compared the reactions
of the 13 differential varieties used
by Murphy and his coworkers to
certain isolates of crown rust with
the reactions of the differentials
used by Straib to the same isolates.

CONTROL OF OAT DISEASES, INCLUDING THE TESTING OF VARIETIES

FOR REACTION TO DIFFERENT DISEASES AS A BASIS FOR BREEDING RESISTANT VARIETIES.

1935-51. [Unpublished annual reports.

On file Cereal Crops Section, Field Crops

Research Branch, Agricultural Research Service, Plant Industry Station, Beltsville, Md. ]

7 KingsoLVER, C. H.
AVENAE. 1939.
Library, Ames.]

[Unpublished master’s thesis.

DETERMINATION OF PARASITIC RACES IN PUCCINIA CORONATA

Copy on file Iowa State College
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In additien to the varieties Green
Russian, Victoria, Green Mountain,
Red Rustproof (Appler), Sterisel,
Glabrota, and Bond, all used by
Murphy, Straib used Gigantea,
Schwarzhafer, Uruguay 64s, Oden-
wilder Strauss, Landhafer aus Uru-
guay [Landhafer], Sandhafer, Flug-
hafer, and Mortgage. The com-
parative tests were made with 81
single-pustule isolates taken from
crown rust collections made in 17
different States.

Among these 81 isolates the 13
varieties used by Murphy differ-
entiated 19 races and the 15
varieties used by Straib differ-
entiated 46. The combination of
Murphy’s and Straib’s varieties
differentiated 55 races, and addi-
tion of the variety Ukraine (Mutica
Ukraine) to this combination re-
sulted in differentiation of a total
of 60 races. The largest groups of
isolates identified on Murphy’s
differentials as of a single race were
24 identified as of race 1 and 28
identified as of race 6. These groups
were divided by Straib’s differ-
entials into 18 races and 16 races,
respectively. On the other hand,
12 isolates that induced the same
reaction on the varieties used by
Straib were divided into 2 races by
the reactions of the standard set of
13 differential varieties.

With regard to ratio of number of
races identified to number of differ-
ential varieties used, the 8 varieties
used only by Straib were the most
efficient set and the 7 varieties used
in common by Murphy and Straib
were less efficient than either of the
complete sets.

8 See footnote 7.
9 See footnote 6.
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The 19 races identified by King-
solver & and Kingsolver and Murphy
(4) on the differential varieties used
by Murphy included 6 that had not
been described previously. These
were numbered 48 to 53.

Descriptions of race 54 and races
57 to 100 have not been published,
but have been recorded by Murphy.’
Race 54 was first identified by
Peturson in Canada; races 55 and
56 were discovered in South Amer-
ica by Vallega (18); the large group
of races numbered 57 to 95 were
described by Murphy;® and races
96 to 100 were discovered in Wales
in 1950 by D. J. Griffiths.”® A race
numbered 101 later in the same
year (14) was first reported by
Rosen and Murphy (13) in 1951.
This race, which attacks both Bond
and Victoria, appeared in 51 of the
58 collections of crown rust made in
Arkansas in 1950 (14).

Races 102 and 104 have been
reported by Waterhouse (19). (For
the status of race 103, see table 1,
footnote 3.) Races 105 to 107 are
described in this bulletin. Races
108 and 109 have been described,
in correspondence with the authors,
by Verma and Finkner, respectively.
Race 110 was discovered in South
America by Silva (15).

Average reactions of the standard
differential varieties to each of the
races identified up to the time of
this writing are given in tables 1
and 2. Although races 105 to 107
and 111 to 113 are first discussed in
this bulletin, reactions to them as
determined by the authors are
included in these tables for the sake
of completeness.

10 Letter from Griffiths to the junior author dated December 11, 1950.
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TaBLe 1.—Average reactions® of the old differential oat (Avena) varieties,
in the seedling stage, to races 1 to 113 of crown rust *—Continued

|
i 2 3 4 5 6 74 8 9 10 | 11 | 12 | 13
g

: .

Race ‘B = S

=3 1) = ;
2l B lblala|l®|®) .l g
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100 oo 4 o| o| o 4| 1| 4| 0| 4| 0| 4| O 4
101 % (AR T S e I B 8 e 1 - - T - R 0
JRSEEE R S 0| o| 4| 4| 4| 1| 4| 4| 4| 4| 4| O 0
W0es e (NE (ST o O e R S (e e L EEE S CEE
WA o e 4| 2| 2| 4| 4| 1| 4| 4| 4| 4| 4, O 0
o SRRl R el Tyl 1| 4| 4| 4| 4| 0| 4| 4| 4| 4| 1| 4 I
106l SO 4 4| 4| 4| 4] 1| 4| 4| 4| 4| 2| 4 1
1[0 7 M AUNR I 4| 4| 4| 4| 4| 0| 4| 4| 4| 1| 4| 4 T
108 e R S R|R|R|R|R S R | R S R B
N e B gl ail o] o 4 of 2| 314 -L| 2] £} 0 0
3 L 1) RS SR S S R | R S R S R S S S S R
Tltepdlas o in - e 41 4| 4| 1| 4| o] 4| 4| 4] 4| 4| 4 ii
IO Al ) ok = 2| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4 3
T DT e 9| 41 4| 4. 4| 2| 4| 4 4| 4| 4| 4 3

1 Types and degrees of infection are represented by symbols as follows: I, immune
(no macroscopic evidence of infection); 0, nearly immune (necrotic or chlorotic flecks
or areas, but no uredia); 1, highly resistant (necrotic or chlorotic flecks or areas, some
of which contain small uredia); 2, moderately resistant (necrotic or chlorotic flecks
or areas, most of which contain small to midsized uredia); 3, moderately suscepti-
ble (chlorotic areas surrounding abundant, midsized uredia, no necrosis); 4, highly
susceptible (no necrosis or chlorosis, uredia large and abundant); R, resistant; S,
susceptible: x, mesothetic (infection heterogeneous and ill defined).

2 The parasitic races listed were discovered or given numerical designations by the
following: 1 to 33, Murphy; 34 to 37, Stakman, Levine, Christensen, and Isenbeck;
38 and 39, Peturson; 40, Waterhouse; 41, Murphy and Levine; 42 to 44, Brown; 45,
Moore, Downie, and Murphy; 46, Murphy; 47, Waterhouse; 48 to 53, Kingsolver and
Murphy; 54, Peturson; 55 and 56, Vallega; 57 to 95, Murphy; 96 to 100, Griffiths;
101, Rosen and Murphy; 102 and 104, Waterhouse; 105 to 107, Simons and Murphy;
108, Verma; 109, Finkner; 110, Silva; 111 to 113, Simons and Murphy.

3 Reactions of race 103 are not tabulated because the race to which this number
was given was later shown to be similar to a previously identified race.

331886—55 2
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TaBLE 2.— Descriptive formulas for 112 * races of crown rust identified on
the old set of 13 differential oat varieties ®

Race Resistant variety or varieties Race Resistant variety or varieties

29 | 1,2,8745,6,7 849,10, 11,12, 13 611,612, 13

61 11,2 3,4,5,6,7, 8, 12, 13 57 | 1,6,13

80| 1,2 3,4,5,6,7,9, 10, 11 12, 13 113 { 1,6

65 11,2 3, 4,5,6, 10, 11, 12 13 55| 1,13

62 | 1,2 3 4, 6, ,8,10,11,12,13 112 | 1

54 11,2 3,4,6,7, 8 12 46 | 2,3,4,6,7,8, 12,13
72 11,2 38,4,6,709, 10, 11, 12, 13 3412 3,4,6,7, 8 13
73 11,2, 3 4,6,7 12, 13 100 | 2, 3, 4, 6, 8, 10, 12
92 | 1,2, 3,4,6,13 104 | 2, 3, 6, 12, 13

50 { 1,2,3 4,7 12,13 28 | 2,4,5,6,9, 12, 13
93 11,2 3,6,7, 13 412 4,6, (7),8, 12,13
94 | 1,2, 3,6, 11, 13 53 | 2,4,7 12,13
211,2,4,5,6,7,8,9,10, 11, 12, 13 351 2 5,69, 10, 11, 12
381 1,2, 4,5,'6, 7,89, 10, 11, 12 77 | 2, 6,12, 13

391, 2, 4,56, 7, 8,9, 10 12 13 33 | 2,6, (11), 13

44 | 1,2, 4,5,6,7,9, 10, 11 12 32 | (2), 4, (5), 6, (7), (8, 10, (11)
51,2 4,6,7, 8, 12 12, 13
9-1-d,2.5.6 9 10, 111213 1113, 4,5, 6,7 12

76 | 1,2, 5,6,9, 12, 13 109 | 3,4,6,7, 8,9, 10, 12, 13
21 (1,2 5,6,12, 13 37 | 3,4,6,7 8 10,12, 13
86 | 1,2 6,8, 12, 13 68 | 3,4,6,7, 8, 13

102 | 1,2, 6, 12, 13 713,46,7 8 12,13
41| 1,2 12, 13 96 | 3,4,6,7,9, 10, 12
18 11,3, 4, 5,6, 7,9, 10, 11, 12, 13 40 | 3, 4, 6, 8, 12, 13

16 | 1,3,4,5,6,7,9,10, 11, 12 110 | 3, 4, 6, 8, 13

108 | 1, 3, 4, 5,6,7, 9, 10, ]2 13 97 | 3, 4, 6, 10, 12

47 1 1,3,4,6,7, 8 12, 13 85 | 3, 4,6, 11,12, 13
69 | 1,3,4,6,7 8 13 78 | 3, 4, 6,12, 13

81 11,3, 46,7 12,13 | 98 | 3, 4, 6, 12

87 | 1,3, 4,6, 8 10, 11, 13 il 88 | 3, 4,6, 13

48 | 1, 3,4,6,8, 12, 13 | 99 | 38,5, 6, 10, 12

49 | 1,3,4,6,12, 13 | 91 | .3 5, 7-13

90 | 1, 3, 4, 6, 13 12 | 3, 6, 8, 12, 13

52 | 1,3, 4,12, 13 95 | 3, 6,13

58 1.1, 8, 5,6, 8 12,13 20 | 4,6,7 8,12 13

82| 1, 38,6, 12, 13 26 | 4,6,7, 12, 13

1911, 4.5 6,7, 9, 10, 11,12 13 27 | 4,6, 8,10, 12, 13
64 | 1,4, 5,6, 17, 10, 11, 12, 13 25 | 4, 6,8, 12, 13

63 | 1,4,5, 6,7, 12, 13 31 | (4), 6, (8), 12, 13
22 | 1,4,6,7 8, 12, 13 111 | 4, 6, 13

17 1 1, 4, 6,7,9, 10, 11, 12 ‘ 10 | 5, 6,7, 8, 12, 13

84| 1,4,6,7 12, 13 36 | 5, 6,9, 10, (11), 12
75 | 1 4, 6,10, 11,12, 13 235, 6-9,711, 12, 13
83 | 1,4,6,12 13 13,5546, 10, L1 42
31,569, 10, 11, 12, 13 60 1 5,6,12:13

24 | 1,5, 6, 9, 10, 11, 12 74 | 6,9 10, 11, 12, 13
42 | 1,5,6,9,10,12 79 6,10,12,13
811,5,6,9, 11, 12, 13 107 | 6, 10, 13

700 1, 5, 6,9; 11,12 43 | 6,11, 12, 13

14 | 1, 5, 6, 10, 11 12, 13 106 | 6, 11, 13

59 | 1, 5, 6, 12, 13 1| 612,13

51| 1,6,9,10, 11,12, 13 30 | 6, 12

67 | 1,6,9, 10, 12 45 | 6, 13

| 1,6, 10, 11 12, 13 89 | 6

66 | 1, 6, 10, 12 13 56 | 12, 13

15 1;6; 11, 12 13 101 | 13

105 1 6 11 18’

1 See footnote 3, table 1.
2 For names of varieties designated by the numbers tabulated, see table 1. Paren-
theses signify a mesothetic reaction (infection heterogeneous and ill defined).
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MATERIALS AND METHODS

In the investigations reported
here, which were made in 1950 and
1951, 6 oat varieties having the
newer sources of resistance to crown
rust were tested as differentials
along with the standard set of 13
differential varieties. The names
and C. I. numbers of the 19 va-
rieties are given in table 3. Not
only the standard differentials but
the varieties Landhafer, Santa Fe,
and Ukraine had been used as
crown rust differentials in earlier
investigations, reports on which are
cited in the table. These 16 vari-
eties represent the major taxonomic
groups of the cultivated oats. Of
the 3 other varieties, Trispernia
came to the United States from
Canada but was obtained by the
Canadian investigators from Ru-
mania; Bondvic was developed by
Murphy at the Iowa Agricultural
Experiment Station from an An-
thony-Bond x Boone cross;
and Saia was introduced into the
United States from Canada but

apparently originated in Brazil.

The 19 varieties were tested as
3 groups: (1) The standard 13
differential varieties; (2) a new set
containing Anthony, Victoria, Ap-
pler, and Bond of the old set
plus the new varieties Landhafer,
Santa  Fe, Ukraine, Trispernia,
Bondvie, and (in 1951) Saia; and
(3) the combined set of 13 old
varieties plus 5 new ones in 1950
and 6 new ones in 1951. These
groups, and the numeration of the
varieties used throughout the re-
mainder of the bulletin, are shown
in table 4.

Collections of crown rust were
obtained from plant pathologists,
oat breeders, and others located at
widely scattered points in the
eastern half of the United States.
Two collections were obtained from
Mexico. In 1950, 290 cultures
were used; in 1951, 381. Methods
of inoculation, isolation, and test-
ing used were similar to those
described by Murphy (7).

RACES IDENTIFIED IN 1950

Because the variety Saia was not
used in 1950, races characterized
on the new and combined sets of
differential varieties in 1950 cannot
be compared directly with races so
characterized in 1951 or with any
other races that may later be
identified on the complete new set
of differentials. For this reason the
1950 data are presented here in
summary form only. The com-
plete 1950 data are contained in an
unpublished thesis by the senior
author.

By use of the old set of differen-
tials, 14 races were differentiated
among collections made in 1950
(table 5); race 45 was the most

1 8mrons, M. D.

lished doctor’s thesis.

common, accounting for 63.1 per-
cent of the cultures. The relatively
new race 101 was isolated from 2
collections made by I. M. Atkins at
Weslaco, Tex., on Landhafer and
an unknown variety. Race 111,
which had not been described pre-
viously, was isolated 9 times. It
resembled the common race 45
except that it could not parasitize
Anthony.

By use of the new set of differen-
tial varieties minus Saia, 27 races
were differentiated among collec-
tions made in 1950. Of this total,
16 were later found to correspond
roughly to races identified by use
of the complete new set in 1951.

PHYSIOLOGIC SPECIALIZATION AND INHERITANCE OF RESISTANCE TO
SPECIFIC RACES OF PUCCINIA CORONATA CORDA VAR. AVENAE F. & L.

1952. [Unpub-

Copy on file Iowa State College Library, Ames.]
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TABLE 4.—The 3 sets in which the 19 varietics were tested as differentials

0ld set New set Combined set
No Variety No. Variety No Variety
|
1 | Ruakura 101 | Anthony 1 | Ruakura
2 | Green Russian 102 | Victoria 2 | Green Russian
3 | Hawkeye 103 | Appler 3 | Hawkeye
4 | Anthony 104 | Bond 4 | Anthony
5 | Sunrise 105 | Landhafer 5 | Sunrise
6 | Victoria 106 | Santa Fe 6 | Victoria
7 | Green Mountain 107 | Ukraine 7 | Green Mountain
8 | White Tartar 108 | Trispernia 8 | White Tartar
9 | Appler 109 | Bondvie 9 | Appler
10 | Sterisel 110 | Saia ! 10 | Sterisel
11 | Belar 11 | Belar
12 | Bond 12 | Bond
13 | Glabrota 13 | Glabrota
14 | Landhafer
15 | Santa Fe
16 | Ukraine
17 | Trispernia
18 | Bondvic
19 | Saia 1

1 Used in 1951 only.

TaBLe 5.—Races of crown rust identified on old set of 18 differential vari-
eties in 1960 and 1951, and distribution of each among cultures used

Race 1950 cultures 1951 cultures

‘ Number Percent Number Percent
il Sie Da n - W o (kg 5 e o 9 3.1 4 ]
OGS CE R RIS | e 0 0 3 .8
| TS T AN WL e e n i R T 0 0 1 .3
A5y 23w libecitr ob). sowt iwrig sl mety 183 63. 1 246 66. 1
1T I DR IR DA N S 0 0 5 g3
51 T A s o -l i =3 0 0
57, e e e el Lk T W Pl 23 7.9 | 22 5.9
oAk A0V~ BRGNS SN YRR 1 .3 0 0
600 tiar W Sieoh Deminmy mimeptng 1 3 0 0
GEEL i DT B oW o LA A 1 43 0 0
oo et S S i e 20 6.9 1 43
SOEE e L DRI S LR T Y 1 oD 5 1.3
90 3306 LRVIGEotel Bigv™ a5 W | 3 1.0 0 0
Ol B Newm Jusaes Aasnpin maft Jes ser ool 2 7 0 0
Ohdnt o o S0 gt Tt 5 34 1407 3 .8
201 el Sl I T el ol Ny 72 19. 4
02 e ool Bl o3 o=t Ll 0 ‘ 0 2 .5
0[N o 5, L I T I LT T a | 0 1 .3
TOFE. S reminitos ) anledl %5 o 0 0 4 38|
JEET RO T M 9 [ 3ol 1 43
| E TS el 0 e L DR 0 0 1 .3
il ok SR L R Sl 0 1 0 1 o
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The remaining 11 obviously were
distinet from any of the 1951 races,
regardless of how Saia would have
reacted to them. These 11 races,
however, have been left unnum-
bered because the reaction of Saia
to them is unknown.

When the old set of 13 differen-

tials and 5 of the new differentials
were used as a single set of 18
varieties, greater diversification was
evident; 43 separate races were dif-
ferentiated among the same collec-
tions that, when tested on the old
and new sets, had appeared to con-
tain 14 and 27 races, respectively.

RACES IDENTIFIED IN 1951

Among 372 cultures from collec-
tions made in 1951, 16 races were
differentiated by use of the old set
of 13 differential varieties (table 5).
Race 45 was by far the most preva-
lent. It accounted for 66.1 percent
of the total number of cultures, in
comparison with 63.1 percent of the
cultures from collections made in
1950. Race 101, observed for the
first time in 1949, was the second
most prevalent race in 1951. It
was identified 72 times, and thus
accounted for 19.4 percent of all the
cultures. This race parasitizes Vic-
toria aggressively, while race 45
induces only very small pustules on
Victoria. Race 55, closely related
to race 101 in parasitic action, was
identified 5 times.

Race 57 followed race 101 in
order of prevalence. It was iden-
tified 22 times, and thus made up
5.9 percent of the cultures. Race
89, which attacked all 13 differen-
tial varieties except Victoria, was
observed 5 times. Race 111, first
found in 1950, was found once
among the 1951 cultures.

Bond was resistant to only 8 of
the 372 cultures, including 4 of race
1, 3 of race 6, and 1 of race 15.

Five races that had not been de-
scribed before were observed. These
were numbered 105, 106, 107, 112,
and 113. Race 112 attacks Vie-
toria and all other varieties of the
old set except Ruakura. It differs
sharply from races 55 and 101 in
that 1t produces an infection of
type 3 or 4 on Glabrota, whereas
they ordinarily produce no macro-

scopic evidence of infection on this
variety. Race 113 attacks Glabro-
ta but not Victoria. Races 105,
106, and 107 are not of special in-
terest, differing among themselves
and from the other races by the reac-
tions they induce on Ruakura,
Sterisel, and Belar. Race 107 was
isolated 4 times, and race 105 twice.
Kach of the other new races was
identified only once.

When 381 cultures from collec-
tions made in 1951 were tested on
the new set of 10 differential varie-
ties, 27 races were differentiated
and were given numbers beginning
with 201 (table 6). Race 202 was
the most prevalent one; isolates
identified as of this race made up
35.2 percent of the total. Race 203
was the second most prevalent,
with 70 isolates, or 18.4 percent of
the total. It differed from 202 only
by its ability to attack Ukraine.
Races having the ability to para-
sitize Victoria totaled 7. The most
common of these was 213, which
occurred 53 times. The other
“Victoria races” were 216, with 23
isolates; 215, with 3 isolates; 217
and 218, with 2 isolates each; and
214, which was identified once.

By use of the combined set of 19
differential varieties, 44 races (table
7) were differentiated among the
1951 collections. The most com-
mon of these, comprising 32.7
percent of the total number of
cultures, was that identified as
race 45 on the old set and as race
202 on the new set. The second
most common race, comprising 15.9
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percent of all the cultures, was that

identified as race 45 or 203.

TABLE 6.— Racial distribution of 1951 cult
new sets of differentials, respectively,

The 213.

OLD SET OF 13 DIFFERENTIALS

13

third was that identified as 101 or

ures according to tests on old and
by geographic source of collections

Cultures, by geographic origin of collections

Race
North Central| Northeastern| Southern Mex- Total
States States States ico ota
Num-| Per- | Num-| Per- | Num-| Per- | Num- Num-| Per-
ber cent ber cent ber cent ber ber cent

(| PO S, - 3 1.1 0 0 1 1.1 0 4 1.1
(PR W | 3 1k 0 0 0 0 0 3 .8
1duec Bl o AL 1 L 0 0 0 0 0 il .3
A et e L 170 | 65.1 8 | 44. 4 66 | 72. 5 2 246 66. 1
L T 3 1. 1 2 LA 0 0 0 lil 1.3
bide=—a= " e 15 5.7 41222 3 3.3 0 22 5.9
SEML. L s 0 0 0 0 1 L1 0 1 .3
89 el 5 1.9 0 0 0 0 0 5 1.3
DN K s 0 0 0 0 3 3.3 0 3 .8
W0 53 | 20. 3 21 17 | 18. 7 0 72 19. 4
106 2 1 .4 1 5.5 0 0 0 2 .5
106 0 0 1 5.5 0 0 0 1 .3
1107/ 4 1.5 0 0 0 0 0 4 1.k
(I T 1 .4 0 0 0 0 0 1 53
12020k AR 4 Sk 1 .4 0 0 0 0 0 1 <3
L3k Aon WA T sirel - 1 .4 0 0 0 0 0 1 .3
Total ___._ 261 {100. 0 18 |100. 0 91 (100. 0 2 372 | 100. 0

Races per geo-

graphic source
number._ 34 SN T 6 e 1 6 ‘ ______ i 16l urcares
NEW SET OF 10 DIFFERENTIALS

20085 SR T 18] 1 0.4 0 0 1 1.2 0 2 0.5
202000 NI e 106 | 39.0 7 318 19 | 22. 4 2 134 35.2
205 e dl T 45 | 16. 5 6 .,27.3 19 | 22. 4 0 70 18. 4
204 e, o Seii T 0 0 0 0 1 1.2 0 1 .3
205_ o _____ i .4 1 4.5 0 0 0 2 B
200 SFART i 13 4.8 2 9.1 3 3.5 0 18 4.7
207 e SN 13 4.8 1 4.5 0 0 0 14 3.7
10157 e e S 0 0 0 0 1 12 0 1 w3
200w 2 i 0 0 0 0 0 2 b
2130 o e 46 | 16.9 i 4.5 6 T il 0 53 13. 9
204 oLl i 1 .4 0 0 0 0 0 1 .3
215 0 SEOUVINGG - 58 3 1-1 0 0 0 0 0 3 .8
216ny B Aol o5 15 5.5 3136 5 5.9 0 23 6.0
2l A 1 .4 1 4.5 0 0 0 2 oD
218 L s S 0 0 0 0 2 2.4 0 2 2D
209 ot~ W0 C 0 0 0 0 4 4.7 0 4 1.0
220% B i iy 5 1.8 0 0 9 10.6 0 14 3.
A 5 1.8 0 0 2 2.4 0 7 1. 8
2929 e s W) 1 .4 0 0 11 | 12. 9 0 12 3.1
DRBLE e e 0 0 0 0 il 1.2 0 1 .3
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TaBLE 6.—Racial distribution of 1951 cultures according to tests on old
and new sets of differentials, respectively, by geographic source of collec-
trons—Continued

NEW SET OF 10 DIFFERENTIALS—Continued

Cultures, by geographic origin of collections
Race
North Central| Northeastern| Southern Mex- Total
States States States ico ok
Num-| Per- | Num-| Per- | Num-| Per- | Num-| Num-| Per-
ber cent ber cent ber cent ber ber cent
204, "k =k - 4 1.5 0 0 0 0 0 4 1.0
205 L .U il .4 0 0 0 0 0 1 93
227 NS SN 1 .4 0 0 0 0 0 1 -3
DS  otede 2 o 77 0 0 1 1.2 0 3 .8
50 Wi SRS - 2 < 7 0 0 0 0 0 2 -5
DA TE . o o = L 3 1 1 0 0 0 0 0 3 .8
2 0 T T 1 .4 0 0 0 0 0 1 253
Total___________ 272 |100. 0 22 1100. 0 85 |100. 0 2 381 | 100.0
Races per geo-
graphic source
number.__ 220 L & B | YO -t 1 27 |ccouee
|

In general, finer distinctions were
made with the new set of differen-
tials than with the old (table 7).
When the cultures characterized as
of old race 45 were identified on the
new differentials, for example, they
were found to represent 11 different
races—one-fourth of the total num-
ber of races differentiated by the
combined set. The most prevalent
of these 11 races, defined as race 202
on the new set, comprised nearly
half the group. Use of the new set
did not always result in finer dis-
tinctions, however; in some cases a
group of cultures identified on it as
of a single race were of several dif-
ferent races according to tests on
the old set. For example, the cul-
tures identified as of race 202, most
common of the new races, were
identified as of 5 different races
when tested on the old set. The
most common of these, which
accounted for 87 percent of the
group, was race 45.

The cultures tested in 1951 repre-
sented substantial numbers of col-
lections made in each of two regions
of the United States—the North
Central States and the South (table
6). On the basis of tests on the
standard differentials, a comparison
was made between the -cultures
representing these two regions, re-
spectively, as to prevalence of each
of the more common races. It ap-
peared that there was little if any
significant difference between the
two groups of cultures in this
respect. For example, race 45 ac-
counted for 65.1 percent of the
cultures from the North Central
States and 72.5 percent of those
from the South, and race 101
accounted for 20.3 percent of the
cultures from the North Central
States and 18.7 percent of those
from the South. Certain of the
new races, on the other hand, were
relatively more common among the
cultures from one of these regions
than among those from the other.
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TaBLE 7.— Relative distribution of cultures tested in 1951 among races
differentiated on old and new sets ' of differential varieties, respectively

Distribution of Distribution of
cultures with i culftures with
. ! reference to Race dif- reference to
Race dlfferentéated on corresponding | ferentiated| corresponding | Cultures
pIEWHe race or races | on old set | race or races
differentiated differentiated
on old set on new set
Percent Percent Number
20" = EIAAN o5 Jwden A 100. 0 111 100. 0
87.0 45 48. 4 121
7.9 57 52. 4 11
202uthiuad b L o e 1.4 89 66. 7 2
2.2 95 75.0 3
1.4 107 50. 0 2
85. 5 45 23. 6 59
87 57 28. 6 6
2030 — sl (R e N 1.4 89 33. 3 1
2.9 107 50. 0 2
1. 4 113 100. 0 1
D04ME. ). LS R TR Wit B 100. 0 88 100. 0 i
205 { 50. 0 57 4.8 1
"""""""""""""""" 50. 0 105 53. 0 é
94. 5 45 2 1
e { 5.3 57 48 1
76. 5 45 5.2 lg
11. 2 57 9.5
207 o e 5.9 105 50. 0 i
5.9 106 100. 0 1
208 =l e sy L L 100. 0 95 25. 1 1
213 { 4.4 55 66. 7 2
“““““““““““““ 95. 5 101 95. 5 43
D ARSI, AN RNTAN TR 100. 0 101 1.4 1
5. Seiy  DEK L LIS 100. 0 101 4.3 3
5.9 55 33.3 1
N A e iy { 88. 2 101 21. 4 15
5.9 112 100. 0 1
.17 e ST 100. 0 101 2.9 2
2USENDIL e JWT I Gl 100. 0 101 2.9 2
280 Wmecr crunions sl Rlfiradi o 100. 0 101 Dl +
200W s 4L E ee oo bn MW 100. 0 45 5,2 13
DA s SN e o SRR o . 100. 0 45 2.8 7
222N TR U il W % 100. 0 45 4.8 12
223 . 0 ML 100. 0 45 .4 1
2045 ecil =F s sen] i O 100. 0 45 1.6 4
75 e IR AR Tl Tl A8 100. 0 6 33.3 1
297 50. 0 6 33. 3 it
"""""""""""""" 50.0 15 100. 0 1
238Mrns A0 TM. SeVTa VP EIL 100. 0 1 75.0 3
50. 0 1 25.0 1
e 50. 0 6 33.3 1
240 ~F o E S e 100. 0 45 .4 1
2 {ONSaE SIS GELas P o 100. 0 45 .4 i

1 Fach of the 44 different combinations of races identified on the old and new sets
represents one of the 44 races identified on the combined set.

Races 202 and 213 were much more
common among the cultures from
North Central States

the

among those from the South, and
race 203 was somewhat more com-
than mon among those from the South.
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COMPARATIVE MERITS OF SETS OF DIFFERENTIALS

Relative efficiency of the 3 sets of
differentials was estimated on the
basis of their reactions to the 370
cultures identified on the combined
set of 19 differential varieties in
1951. Of the several different pro-
cedures by which relative efficien-

cies might be computed, two were
used (table 8). In both, the effi-
ciency of the standard set of
differentials was arbitrarily rated
100 and that of each of the other
sets was computed in relation to
this value.

TABLE 8.—Relative efficiencies of 3 sets of differential varieties in identify-
ing cultures from collections of erown rust made in 1951

Item Old set New set Coxrslgéned
Varieties_ . ___________________ number_ _ 13 10 19
Races differentiated____________ number._ _ 16 26 44
Rating of efficiency:!
By method 12_.______:.:: 100 162. 5 275. 0
By method 23________ ... __ 100 211. 2 188. 2

! The efficiency of the old set was arbitrarily rated 100, and that of each of the other

sets was computed in relation to this value.

? Efficiency was rated on the basis of number of races differentiated.
¢ Efficiency was rated on the basis of ratio of number of races differentiated to num-

ber of varieties used as differentials.

The most obvious measure of
efficiency was the total number of
races differentiated with each set.
By using the old set, a total of
16 races could be differentiated
among the 370 cultures; by using
the new set, 26 races; by using the
combined set, -44 races. On this
basis the combined set was the most
efficient, differentiating almost 3
times as many races as the old set
and about 70 percent more than
the new set. The relative efficiency
values were 100, 162.5, and 275.

This procedure ignores differences
in numbers of varieties in the three
sets. There is justification on
practical grounds for taking such
differences into account, as more
labor is involved in identifying a
given number of collections on a
set containing 19 varieties, for
example, than in identifying them
on a set containing only 10 varieties.
The old set differentiated, en an
average, a little more than 1 race

per variety. With the ratio for the
old set taken as 100, comparable
figures for the new and combined
sets were 211.2 and 188.2, re-
spectively. On this basis the new
set is clearly superior to the com-
bined set.

In deciding what set of differen-
tial varieties should be recommended
over the others, not only the
efficiency of each set but other
factors had to be considered. One
of these was the fact that informa-
tion gained by differentiating races
of crown rust is used primarily
by persons interested in oat breed-
ing and oat pathology. Such per-
sons are concerned with the preva-
lence of groups of races that attack
varieties used as sources of resist-
ance in existing commercial varieties
of oats or used in producing new
commercial varieties.

Among the standard 13 differen-
tial varieties, 9 are no longer of
value from a commercial or breed-
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ing standpoint. These are Ruaku-
ra, Green Russian, Hawkeye, Sun-
rise, Green Mountain, White Tartar,
Sterisel, Belar, and Glabrota. Races
differentiated by these varieties
are now of little interest to the oat
breeder. Use of these varieties as
differentials could be discontinued
for this reason alone. All these 9
varieties except Glabrota have other
disadvantages. Green Russian and
Sunrise were susceptible to all
cultures of crown rust tested in
1950 and 1951, and Green Moun-
tain, White Tartar, Sterisel, and
Belar were susceptible to most of
these cultures. Consequently these
6 varieties have little value as
differentials. The Sunrise variety
is particularly objectionable because
of its strong tendency to exhibit
extreme necrosis when subjected
to high temperatures in the hu-
midity chamber. The reactions of
some of the 9 varieties—particu-
larly Ruakura—to certain cultures
varied somewhat according to en-
vironmental conditions (10).

On the basis of the facts stated,
it is recommended that the old
set and the combined set of dif-
ferentials not be used further in
differentiating crown rust races.

Of the 10 varieties that compose
the new set of differentials, all have
certain advantages. Landhafer,
Santa Fe, Trispernia, and U-
kraine are good differential varieties.
The first two of these rather uni-
formly exhibited a well-defined 0
reaction to most of the cultures, not
greatly affected by environmental
variation. Ukraine was either
clearly resistant or clearly sus-
ceptible to nearly all the cultures.

The reaction of Trispernia to some
cultures was affected by temperature
variations; resistance of this variety
tended to break down at higher
temperatures. These four varieties
are all valuable as sources of resist-
ance to many races of crown rust.

Victoria, Red Rustproof (Appler),
and Bond, which represent the ge-
netic sources of resistance to crown
rust in oat varieties currently grown
over much of the United States and
Canada, exhibited fairly clear-cut
susceptible or resistant reactions to
most cultures. Furthermore, to-
gether with Anthony, they con-
stitute a link with the old set of
differentials. Inclusion of these
four ‘“‘older” varieties will enable
investigators to establish relation-
ships between old and new races,
at least to a limited extent. For
example, so far as reaction of these 4
varieties is concerned a group of
races including 202, 203, 205, and
others may be said to correspond to
a group of old races including 45,
57, 95, and others.

Bondyvie, a variety recently devel-
oped in Iowa, carries a type of
resistance to crown rust not found
in other varieties. However, its
reaction to some cultures is inter-
mediate between susceptible and
resistant. Saia, which exhibits
clear-cut reactions, is highly resist-
ant to many races of crown rust and
also is resistant to stem rust.

In view of the individual advan-
tages of these 10 varieties and their
efficiency as a set in identifying
isolates of crown rust, it is suggested
that they be used in the future for
all erown rust race identification.
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REACTIONS OF RECOMMENDED DIFFERENTIALS TO
RACES IDENTIFIED ON THEM THROUGH 1951

While the study reported here
was in progress, other investigators
were testing the same new set of 10
crown rust differentials used in it.
Peturson, in correspondence with
the authors, described 20 races
characterized by reactions of these
differentials. Silva (15) described
24 such races. In some instances
the same races were discovered
independently by different investi-
gators. The complete series of
crown rust races that had been
identified on the new set of differ-
ential varieties by the end of 1951
included 59 races numbered 201 to
259, the discoverers and codis-
coverers of which were as follows:

Discoverer or

Race or races codiscoverers
20200 o o Peturson; Silva; Si-
mons and Murphy.
201, 203, 237______ Peturson; Simons and

Murphy.

Discoverer or

Race or races codiscoverers

205, 216, 221, 223, Silva; Simons and
225, 233. Murphy.

230E23 8 ran i g Peturson; Silva.

204, 206, 207, 208,
213, 214, 215
gégi %;g: gézj Simons and Murphy.
227, 241 242
258, 259.

209, 210, 211, 212,
226, 228, 229

230, 231, 232, }Peturson.
234, 235, 239,
240.

243 to 257________ Silva.

Average reactions of the new set
of 10 differential varieties, in the
seedling stage, to these 59 races are
presented in table 9. To facilitate
rapid identification of the races,
descriptive formulas listing the vari-
eties resistant to each are presented
in table 10.

TABLE 9.—Average reactions * of new set of 10 differential varieties of oats, in
the seedling stage, to races 201 to 259 of crown rust ?

101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110
5] 3
5 . 5

< = < M A @ = & A 3
Oftwlen, fong R R S S R R R R R R
202 7T S R S S R R R R R R
203~ S R S S R R S R R R
204_ 7T R R S S R R S R S S
iy S R S S R R R R R S
2060 0s i S R S S R R R R S R
1 A S R S S R R S R S R
208 S R S S R R S R S S
200 R R R S R R R R R R
210_ - R R R S R R S R R R
i R R S S R R S R R R
212_ S R R S R R R R R R
213 - S S S S R R R R R R
214~ S S S S R R R R R S
i S S S S R R R R S R
216~ S S S S R R S R R R

See footnotes at end of table.



19

RUST DIFFERENTIALS

COMPARISON OF CROWN

TaBLE 9.—Average reactions ' of new set of 10 differential varieties of oats,
in the seedling stage, to races 201 to 269 of crown rust >—Continued

m BIBY | RMEARARRAEERRERMEERANNI MMM MMM RI R A AR MM
m orapuog SRRRSRRSRRRRRRRRSRRRRRRRRSSSMMSSSRRSSMRRRRR
m eruladsiLy, [a=1 0323 pR0p20 22k oke pYacfactactofafactactadato-tacfactoclo ol oafact/ ol sl sR s R #h0 pRe pYaR 8¢ pRe pR pY axfactocten]
m QUIBIY[] | WRURAIAIINUUAG 020202020000 TR A A A5 A2 A2 A% A% % 00 (4 A4 A4 3 (G 00 00 A A AT A% A3 0 A5 AT AT AR T
m 94 ®jueg RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRMRR
m Rehicoq ooty G e =Fe~facfacfe=fe-YesYerfanfecfacfacfectontecfecfacfecfocfacfactacfenfecfacfacfa-yaxfacforfecfacfaafanfanfenfacfacfafoofatontor
m vqom. WUV T2V2 TR A3 A7 A A AT AT RS A A A A A S RS A A R T2 G AR U2 A U0 A G DR U DR TR A A TR T2 A% A
owo JTe1ddy NN MG LTG0 MRS NN A NN NNV NN RNV NN AL
m 100019\ IR esReaYo-facfoetestextomfanfacfacfoafextantanfacfacfantfefontarfemfasfacfa-fanfanfonfarfocfactocfontact actortacfocfotont sl )
M Auoyjuy TRUR T2 T2 TR T2 TR TRV TR T PG A AR TR TR L RN TR A5 A TR TR TR TR TR A A3 A TR G TR A4 TR TR AR TR TR TN TR T

Race

247 _______
248 ________
DAGE R
250 e
251 e mne
2520 L.
203 U % b
264 _ 5 -
2053 o
2050 mar
287 oo a2
258 ...
209w

i
1
|
|
1
'
1
1

©

<t

(]

227 _______
D2 SN I
220L ...l
230 0-nn
231 e
232 -
233 ..
234 _______
ZRIE LTEE
230 s e
R (SRR
238 e
28085 oo
240 ____
241 _______
242________
243 a2l il
244 oL Sl
245 ovinn

1
|
1
!
1
1
|
!
©
N
(2]

220-- = o
b R
2 Rt
228 s
224 v o
225 oo

1
1
|
'
|
1
1
1

(=)

—

[a\]

1l SR
218 o s

Infection types are defined

eptible.

tant (infection types I, 0,1, and 2); S=susceptible (infection types 3 and

=intermediate between resistant and suse
2 Discoverers of races 201 to 259 are listed on p. 18.

1 R =resis

4); Int
in footnote 1 of table 1.
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TaBLE 10.—Descriptive formulas for 59 races of crown rust identified on
new set of 10 differential oat varieties

Race Resistant varieties ! Race Resistant varieties !
2391 1,23,4,5,6,7,8,9,10 227 | 2,4,5,6,8,9
234 | 1,2,3,4,5,6,7,8,9 248 | 2,4,5,6
228 | 1,2,3,4,5,6,8,9,10 202 | 2,5,6,7,8,9, 10
229 1 1,2,3,4,5,6,8,9 257 | 2,5, (6),7,8,9, 10
209 | 1,2,3,5/6,7,8,9, 10 205 | 2,5,6,7,8,9
2104 1,2,3,5,6,8,9,10 206 | 2,5,6,7, 8,10
238 | 1,2,4,5,6,7,8, 9,10 242 | 2,5,6,7, 8
246 | 1,2, 4,5,6,7, (9) 220 | 2,5,6,7,9, 10
249 | 1,2,4,5,6,7,10 250 | 2,5,6,7,9
230 | 1,2,4,5,6,8, 9,10 221 | 2,5,6,7,10
254 | 1,2, 4,5,6,(9), 10 252 | 2,5,6,7
201 | 1,2,5,6,7,8,9, 10 203 | 2,5,6,8,9, 10
251 | 1,2, 5.6,7, 8,9 241 | 2,5,6,8,9
245 | 1,2,5,6,7, (9), 10 207 | 2, 5,6, 8,10
211 | 1,2,5,6,8,9,10 208 | 2,5,6,8
247 | 1,2,5,6,1 222 | 2,5,6,9,10
204 | 1,2,5,6,8 223 |1 2,5,6,9
240 1 2,3,4,5,6,7,8,9, 10 224 | 2, 5,6, 10
235 | 2,3,4,5,6,7,8,9 256 | 2,6,7,8,9
231 | 2,3,4,5,6,8,9,10 258 | 4,5,6,7,8,9,10
232 | 2,3,4,5,6,8,9 259 | 4,5,6,8,9, 10
212 | 2,8,5,6,7, 8,9, 10 213 | 5,6,7,8,9,10
237 | 2,4,5,6,7,8,9, 10 214 | 5,6,7,8,9
236 | 2,4,5,6,7,8,9 215 | 5,6,7, 8,10
233 | 2,4,5,6,7,8,10 218 | 5,6,7,9, 10
225 | 2,4,5,6,7,9, 10 253 | 5,6,7,10
255 | 2,4,5,6,7,9 216 | 5,6,8,9, 10
244 | 2,4,5,6,7,10 217 | 5, 6, 8, 10
243 | 2,4,5,6,7 219 | 5,6,9, 10
226 | 2,4,5,6,8,9, 10

1 Numbers in this column refer to the differential varieties listed in table 9. The
numbers associated with varietal names in table 9 have been coded here by subtracting
100 from each. Parentheses signify intermediate reaction.

SUMMARY

The fungus Puccinia coronata and 1951 on cultures from collec-
Cda. var. avenae Fraser & Led., tions made at widely scattered
commonly called crown rust, causes points in the North Central, North-
the most serious disease of oats in eastern, and Southern States. The
the eastern half of the United varieties tested were grouped in 3
States. The set of 13 varieties of sets: (1) The standard 13 differen-
oats chosen in 1935-36 as standard tials—Ruakura, Green Russian,
differentials for races of this rust Hawkeye, Anthony, Sunrise, Viec-
has now lost much of its usefulness, toria, Green Mountain, White Tar-
because new or formerly unimpor- tar, Appler, Sterisel, Belar, Bond,
tant races of the rust have become and Glabrota; (2) a new set con-
prevalent. With a view to finding taining Anthony, Victoria, Appler,
a more serviceable set of crown and Bond of the old set plus Land-
rust differentials, these and other hafer, Santa Fe, Ukraine, Tris-
oat varieties were tested in 1950 pernia, Bondvie, and, in 1951,
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Saia; and (3) the combined series
of old and new varieties.

In 1950, tests on the old set of
differentials led to differentiation of
14 races, of which the most common
was race 45. A race not previously
described was numbered 111. By
use of the new set, 27 races were
differentiated; by use of the com-
bined set, 43.

In 1951, 16 races were differen-
tiated on the old set of differentials.
Race 45 again was the most preva-
lent form, being even more common
than in 1950. Race 101, observed
for the first time in 1949, was the
second most prevalent, comprising
almost 20 percent of the total
number of isolates identified. Five
new races were described and were
numbered 105, 106, 107, 112, and
113. Race 112 parasitized all vari-
eties of the old set except Ruakura.
By use of the new set, 27 races were
differentiated. These were given
numbers beginning with 201. Race
202 was the most prevalent, com-
prising 35.2 percent of all the iso-
lates. By use of the combined set,
44 races were differentiated. The
most common of these was the one
identified as race 45 on the old set
and as race 202 on the new set.

OF CROWN RUST DIFFERENTIALS 21

Relative efficiencies of the three
sets in 1951 were calculated on the
basis of the 370 cultures tested on
the combined set. Within this
series of cultures the old set differ-
entiated 16 races; the new set, 26
races; and the combined set, 44
races. According to total number
of races identified, the new set had
a relative efficiency value of 162.5
and the combined set a value of
275 on a scale on which the effi-
ciency of the old set was arbi-
trarily rated 100. According to
ratio of number of races identified
to number of varieties composing
a set, the new set was rated 211.2
and the combined set 188.2 on such
a scale.

Aside from ratings of the relative
efficiency of the three sets of differ-
ential varieties, the characteristics
of the individual varieties com-
posing each set and the value of the
information obtained by use of each
set were considered with regard to
possible bearing on the solution of
problems encountered in oat breed-
ing and pathological investigations.
With these factors in mind it is
recommended that the new set of 10
varieties used in 1951 be used hence-
forth to identify races of crown rust.
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